Recent studies on European agricultural history have shown that, during the early phases of economic development, agricultural growth can occur in the absence of major institutional changes. This paper extends such a conclusion -of agricultural growth without major institutional change -to the case of Portugal during the period from 1850 to 1950. Based on new indices for agricultural output growth and data on the use of inputs, we show in the paper that Portuguese agriculture was not stagnant in that century and that output and labour productivity expanded rapidly, in particular in the decades from 1870-1900 and 1930-50. We propose an explanation for the positive performance of the agricultural sector which is related to the changing patterns in the use of land and in the product mix, and to the growth of domestic demand for agricultural produce. 
Introduction
The slow development of the agricultural sector, in terms of transformations in production and organisation methods, can be a major feature of European economies in the earlier stages of development. Yet the slow pace of institutional change and slow innovation in agriculture is not necessarily associated with the absence of output growth of in the agricultural sector. In fact, it has been shown for France, during the last century of the Ancien Régime (Grantham 1989 , Hoffman 1996 , and for Italy and Spain, during most of the nineteenth century (O'Brien and Toniolo 1986 , Prados 1988 , Simpson 1995 , Morilla et al. 1999 , that there was agricultural growth in the absence of major institutional and organizational changes of the sort that occurred in more advanced economies, namely in Great Britain.
New indices for Portuguese agricultural output growth (Batista et al. 1997, Lains and Sousa 1998) and data on the evolution of the agricultural labour force and the use of land, provide the basis for a revision of the performance of Portugal's agriculture in a comparative framework, during the century of . In fact, the new data show that the sector experienced a relatively rapid growth, in terms of output and factor productivity, in two different instances. The first was during the last three decades of the nineteenth century, when output increased at 1.4 per cent per year; the second instance occurred during the period from about 1930 to 1950, when output expanded at 2.4 per cent per year (both rates in real terms).
Moreover, in this later period, agricultural labour productivity increased at 1.5 per cent per year, which compares rather favourably with contemporary trends elsewhere in Europe. It is also important to note that, between 1930 and 1950, Portuguese agricultural output increased at a rate similar to that of the industrial sector and slightly above the rate of growth of total GDP (due to slower growth in the services sector), which meant that the share of agriculture in total GDP remained stable between 1930 and 1950.
The absence of major institutional changes does not seem to have hampered the growth of agricultural output and productivity in Portugal. Yet, in a European perspective, the Portuguese agricultural sector remained largely backward in terms of the persistence of the use of traditional methods and traditional crops, and the limited use of animals, modern tools and, later on, machinery. In order to understand the maintenance of such practices, we need to understand the true causes of slow agricultural change, other than the lack of major institutional reforms. In other words, we need to know if the reasons for backwardness in agriculture are primarily located within the sector or outside it (Moore 1945 , Ruttan 1978 , Prados 1988 ).
The present paper analyses the determinants of growth of agricultural labour productivity in Portugal in two steps. Firstly, we analyse productivity growth in terms of changes in the ratio of agricultural area per agricultural worker and in terms of changes in the ratio of agricultural output per agricultural area (Hayami and Ruttan 1971 , O'Brien and Keyder 1978 , Pereira and Estácio 1968 . Before 1930, the land-labour ratio increased slightly or remained stable, as changes in the extension of agricultural area were matched by changes in the size of the labour force, and output per hectare increased only slightly. After 1930, the land-labour ratio declined and yet output per hectare increased at an unprecedented pace. In order to understand the causes behind the increase in Portuguese agricultural labour productivity, during this latter period, we have to analyse the reasons behind the increase in output per unit of land. As such, in a second step this paper analyses the increase in output per hectare in terms of changes in yields and product mix. Despite the intensification in the use of chemical fertilizers and the higher growth of the stock of capital, yields did not increase significantly after 1930. It will be shown that a large share of the increase in agricultural output is explained by the increase in the sectors with higher levels of land productivity, particularly in the period of rapid growth after 1930.
The fact that changes in the product mix show up as more important in explaining the increase in land productivity leads to the study of demand for agricultural produce. It will be shown here that domestic demand for agricultural produce increased more rapidly, after 1930, which went along with an increase in the pace of industrialisation, and thus the Portuguese agricultural sector faced positive prospects for growth. As a result, the increasing pressure of a growing agricultural labour force on a fixed amount of land was met, in Portugal, by a rapid growth of land productivity. This is the outcome that many agrarian economists and economic historians would expect (Boserup 1969 , Gadisseur 1973 , Ruttan 1978 , O'Brien and Toniolo 1986 , Grantham 1989 , Prados 1988 , Federico 1996 . The role of demand in fostering agricultural output growth in Portugal is further confirmed by showing that there was a positive correlation between long run output and price trends (O'Brien 1985 , Grantham 1989 , Hunt and Pam 1997 .
The paper proceeds as follows. Section 2 presents the new indices for agricultural output growth in the century to 1950, defines a periodisation of the evolution of agricultural output (1865-1902, 1902-27 and 1927-51) and sets Portugal's agricultural performance in an European perspective. Section 3 presents estimates for land and labour productivity growth and compares the productivity performance during the three periods defined in the previous section. Section 4 analyses the determinants of labour productivity growth in terms of hectare per labour and output per hectare; and the determinants of the evolution of output per hectare in terms of yields, product mix and demand for agricultural output. Finally, section 5 summarises our main conclusions on agricultural growth without major institutional changes.
Output trends and fluctuations
Official data for Portugal's agricultural output date back to the 1840s, but it was only after 1915 that their publication became regular on a yearly basis. Official statistics include information on the output of the main crops, as well as land and livestock census. There is also information on agricultural output published in monographs, which provide further data on quantities of the main sectors, as well as estimates on total agricultural output and its composition. The data published in these monographs have a quasi-official character, as some of the authors were directly involved with government statistical boards and published information collected by government officials. Some of that data was not published with an official seal. 1 Two annual indices based on the above data have been computed. The first index covers the period from 1848 to 1914 (Lains and Sousa 1998) and second covers the years from 1910 to 1958 . The index for the period to 1914 is computed from partial output indices for nine agricultural sectors, which accounted for over 80 per cent of total agricultural output throughout the period. The index for the later period covers output for 12 sectors which, by 1958, accounted for 83 per cent of total agricultural product. 2 We have computed an index for the period from 1848 to 1958 based on partial indexes for nine sectors, linked in 1910 and aggregated according to the composition of gross output in 1900-9. Due to the fact that the structure of agricultural output did not change significantly until the 1930s, the choice of the base year is not of paramount relevance. 3 The fact that the indices reflect the evolution of gross output and not value added may contribute for the overstatement of growth trends, particularly during the first half of the twentieth century, as a consequence of an eventual proportional increase in the use by agriculture of inputs from other sectors. Yet, that error is small because, as late as 1957/62, Portuguese agriculture only purchased 10 per cent of its gross output from other sectors (Hayami and Ruttan 1971, p. 320) . Nineteenth century writers as well as agricultural historians have pointed out to the possibility that producers underreported output to government officials (Soares 1873 , Pery 1875 , Pereira 1915 , Justino 1988 . Most monographs that publish output estimates tend to add a parcel for underreported output, but the fact is that that parcel remains roughly constant across the various estimates. Thus, the trend of output derived from those estimates is similar to the one given by our index. Contemporary estimates also point out to the fact that the share of the sectors not included in our agricultural output index, namely, fruits and vegetables, dairy and wool remained relatively stable, except after 1930. 4 The fact that the information on which the index to 1914 is based is incomplete should be taken into account when analysing the resulting overall output trends and fluctuations. In the case of wheat output, there is only data for 52 out of the 70 years covered by the index, and for other cereals the coverage is still lower as there is data for only 34 years. For reasons that are related to the history of the collection of data by officials (Lains and Sousa, 1998) , blanks in data occur mostly in the periods of 1874-81 and 1888-97. This implies that our index provides a good description of long term trends, as well as fluctuations, except for the mentioned periods. Thus, the major shortcoming of that index is that it may fail to detect peak years during the second half of the 1870s and during most of the 1890s. The index for 1910-58 is based on a more complete set of annual data after 1915 and it does not suffer from the same problems.
Graph 1 shows the long-term evolution of the index of agricultural output for . During the first decades shown in the graph there was a slight decline in output followed by a period of relative stagnation. As mentioned previously, the flat trend depicted by the index during the second half of the 1870s is a consequence of the lack of data on cereal output. After 1880, agricultural output entered a phase of sustained growth that lasted until the beginning of the twentieth century. After the turn of the century, output declined and this depression lasted until the mid-1920s. Thereafter, output increased consistently, to the end of the period. Table 1 reports annual compound growth rates between the years when output peaked, namely, 1865, 1882, 1902, 1927 and 1951. 5 [graph 1; 
Trends in productivity growth
The availability of data on the growth of the use of inputs by Portuguese agriculture, namely, the use of land, labour force and capital, is rather limited. In fact, there is information only from agricultural land censuses or quasi-official estimates for 1867, 1902, 1920, 1929, 1939 and 1957 ; censuses for the composition of labour force for each decade after 1890; and censuses for livestock for 1870, 1906, 1925 and 1955 . The available information on inputs coincides with our estimates for peak-to-peak growth rates, for the years from 1865-1902, 1902-27 and 1927-51 , and our analysis of productivity growth will be restricted those periods.
The analysis of productivity trends in this paper is also limited by the fact that the growth of livestock is a poor proxy for capital invested in agriculture, particularly after World War I, when mechanisation gained momentum. However, for the period after 1921, there is data concerning the proportion of cereal output threshed mechanically, which will be used as a proxy for the growth of the capital stock. (Reis 1993, ch. 2) . According to Evangelista (1971, p. 220-1) , that evolution is confirmed by the fact that, until the 1920s, population increased at higher speed in the South as compared to the rest of the country.
The two periods of expansion of the area under crop, mentioned above, differed in one important way. In the first period, between 1867 and 1902, the area under crop expanded mainly by putting into agricultural use land previously left idle. Thus, the area which was classified as 'unused but fit' by the censuses, declined from 44.6 per cent of the total area of the country, to 17.3 per cent (see table 3 The land input is taken in this paper as total agricultural area, which includes area under crop, left fallow and pasture. The reason for that is that the agricultural output index presented in the previous section includes meat output and thus we have to take into account the area of permanent pasture. 8 More importantly, we want to catch the effect of changes in rotation techniques and thus changes in the size of the area left fallow (O'Brien and Prados 1992, p. 517; Reis 1993, ch. 2) .
[
table 3]
Labour input is measured in terms of number of active male labour force employed in the agricultural sector, which is also the case for data with which Portugal is compared. We do not take into account female labour force, because of its erratic evolution in population census, during the interwar period. 9 We also do not take into account changes in the number of hours worked, because we lack that information. It is probable that the number of worked hours per male increased as total output expanded (Bairoch 1989, p. 336) . Thus our measure of the growth of labour force is underestimated and, consequently, the growth of labour productivity can be overestimated. The growth of output per male labour force catches changes in productivity of the existing labour force. (O'Brien and Prados, 1992, p. 527) .
Official population censuses provide data on active population employed in agriculture for each decade after 1890 (except for 1920). Contrarily, the only two previous population censuses, for 1864 and 1878, do not provide information on active population. As such, we use the number of males in the 20-59 age bracket, as a proxy for active male population. The use of this proxy implies the assumption that the proportion of males employed in agriculture remained constant, between 1864 and 1890, which is not too strong an assumption, given that structural change in the period was relatively slow. In fact, the ratio of males in the 20-59 age bracket in the total population, as well as the share of active male population, remained relatively constant in 1890, 1900 and 1911, at 68-69 per cent. Moreover, during the same decades, the ratio of agricultural labour force to total active population declined only slightly from 62 to 58 per cent. 10 The data shows that there was a slight increase in total agricultural population, from 1864 to 1890, which was followed by a small decline in the decades to 1930
and a recovery thereafter. According to our estimates, labour force in agriculture expanded at 0.5 per cent per year between 1864 and 1900, declined in the interwar period, and expanded at 0.9 per cent per year between 1930 and 1950 (see table 4 below). 15 In order to estimate the growth of total factor productivity, we take coefficients for a
Cobb-Douglas production function from van Zanden (1991) and Neves (1994 
Explaining productivity growth
The analysis of the determinants of total factor productivity growth through the estimation of a production function for the agricultural sector (McLean 1981 ) is out of the scope of this paper because we lack data on the use of land input, except for a few benchmark years, and data for agricultural investment other than livestock. Yet, total factor productivity growth must be imbedded in new techniques of production or in new capital invested in the agricultural sector (Hoffman 1996, p. 143 ).
The introduction of new techniques and capital can take two forms. One is through the use of more labour-intensive methods, which imply a more efficient use of land, water and animal resources, the intensification of the use of animal and chemical fertilisers, as well as shifts in the product mix towards sectors with higher levels of land productivity. Improved forms of management should also be included in this list. Alternatively, the introduction of new techniques can take the form of mechanisation in some steps of the production process.
The relative importance of better production methods and agricultural mechanisation can be gauged by their impact on labour productivity. In fact, Hayami and Ruttan (1971, pp. 44-5) use a simple device to detect whether labour productivity growth results from changes in production methods and increasing use of fertilizers or from investment in machinery and other forms of capital. 18 For that purpose, they decompose labour productivity (O/L) in terms of area per worker (H/L) and output per hectare (O/H), namely:
or, taking exponential rates of growth (Δ):
The two different ways of introducing new techniques and capital, described above, have different effects in terms of changes in the relative use of inputs. If factor productivity increases through mechanisation, the process tends to be labour saving, because more machines 'usually requires a larger land area cultivated per worker' (Hayami and Ruttan, 1971, p. 44 ). In the case that higher total factor productivity derives from a better use of the existing resources, it is expected that there is an increase in output per unit of land and, consequently, it is mainly a land saving process.
The above analysis is necessarily a simplification of reality. In fact, new machinery can also promote the saving of land, as is the case, for example, of the seed drill, which improves the efficiency in the distribution of seed per unit of area (McLean 1981, p. 11) .
Moreover, the intensification in the use of machinery, as well as fertilizers, may also lead to the increase of the area under cultivation. If there is idle labour force, the new machinery can leave unchanged the land/labour ratio (Reis 1993, ch. 3; Simpson 1995, p. 6) . Pereira and Estácio (1968, pp. 27-8) make also the point that the introduction of new machinery does not necessarily raise overall productivity levels if it leads to the substitution of crops with a lower value per hectare (such as wheat) for crops with a higher value per hectare (such as wine and pasture for livestock raising). Similarly, the reduction of fallow area may lead to the increase in labour productivity, without technical change, because of similar differences regarding the relative value of output. Table 4 reveals that Portugal and Spain were particular cases in this respect. In fact, in the two other countries for which data is shown in the table, namely France and Denmark, there was an increase in the number of hectares per agricultural worker in similar periods.
In other words, the Portuguese agricultural sector faced an increasing pressure of labour force in the land available for use, up to 1951. Yet that trend was met by an increase in output per unit of agricultural land, particularly in the 1927-51 period, when output per hectare expanded at an annual rate of 2.3 per cent. The increase in land productivity was ultimately reflected in the positive trend in labour productivity, during the same period. 21 The study of the causes behind the increase in Portuguese agricultural labour productivity should thus concentrate on the analysis of the increase in output per unit of land.
The rise of land productivity can be explained in terms of an increase in yields or in terms of shifts in the product mix, in favour of sectors with higher value per unit of land (Robinson 1969, p. 29) . The evolution of yields for the main crops, in the period from 1918 to 1954, is presented on table 6 . 22 The data show an overall upward trend to 1930-34, followed by a decline until 1945-49. This decline was mainly due to the sudden increase in the area under crop during World War II, in response the need to increase output of staples, namely wheat, potato and rye, in order to substitute for imports (Estatística Agrícola 1957, pp. 66-7) .
The expansion of the agricultural area in this period brought to production lands that were probably less fit for cereal cultivation (Pintado 1964, p. 82). There was a contemporary expansion in the use of chemical fertilizers but impact of that change was reduced because of its limited used. In fact, after a sharp decline following World War I, in the late 1930s
Portuguese agriculture employed only 10 kg/ha of chemical fertilizers, which trebled to 30 kg/ha in the 1950s. 23 Due to the decline in land productivity, during the war, the levels attained in 1945-49 were either below or only just similar to the levels in 1918-19 or 1920-24, with the exception of rice. Table 6 also shows the evolution of the weight of meat per animal slaughtered (in Lisbon and Oporto), which remained relatively stable throughout the same period. 24 The fact that yields evolved along a flat line, throughout 1918-19 to 1945-49 indicates that the growth of output per hectare in this period was mainly a consequence of shifts in the product mix, towards sectors with higher levels of land productivity.
25
[ Tables 8 and 9 show that there was an increase in the weight of the sectors with higher land. In fact, the weight of the output of fruits and vegetables in total agricultural output, in fact, increased from 6.5 per cent in 1935-9 to 12.7 per cent in 1954-8 (table 8) . There was also an important increase in the share of animal output, from 28 per cent in 1935-9 to 35.9 per cent in 1954-8. There are no estimates for the correspondent change in land value, but it can be safely assumed that it is considerable. Table 9 shows that in the decades from 1930 to 1950, rice, potato and meat were the fastest growing sectors. Rice, potato, fruits and vegetables are more labour intensive than cereals and thus it explains the increase in labour force per unit of agricultural area.
[tables 8 and 9] The increase in output in products such as potato and meat can be related to data on the expansion of consumption per capita. In fact, meat consumption per capita increased from 5.6 kg, in 1916-25 to 8.0 kg, in 1936-45, whereas potato consumption per capita increased from 31.6 kg to 83.3, in the same period. The increase in consumption was met by domestic output, as foreign trade in these staples was negligible. Rice consumption per capita remained roughly constant (10 kg per capita), but there was an important shift from foreign to domestic sources, as net imports declined from twice the volume of domestic output, in 1916-25 to only 6.5 per cent in 1936-45. 28 These changes in the structure of domestic demand corresponded with shifts in the output mix and thus can be related to the observed increase in total land productivity. Table 10 [ The role of foreign demand for agricultural output should also be taken into account.
Yet agricultural exports were only a small share of total output and thus the growth rates of demand estimated in table 10 would not change significantly (Lains 1986 ). Moreover, the evolution of the balance of foreign trade in agricultural products is compatible with the evolution of demand and supply depicted in table 10. In fact, before 1902, agricultural exports expanded rapidly (particularly to 1885), whereas after 1902, the trend in exports was reversed and imports of foodstuffs increased, particularly in the aftermath of World War I. The growth of wine exports, which was Portugal's main export item, was driven by the growth of demand, particularly in France, where vines had been severely affected by phylloxera.
However, the fact was that there were important supply constraints too in regard to the adaptation of changing patterns of external demand for agricultural produce. For example, wine exports declined from the late 1880s onwards, as did cattle exports, because produce did not shift to other branches with higher elasticities of demand, contrary to what happened with Scandinavian exports (Lains, 1986 and . Foreign demand for Portugal's agricultural output dwindled during the interwar period and did not recover thereafter and the role of domestic demand, including import substitution was thus paramount. It may be the case that the agricultural sector overall faced supply constraints, as did the export sector before 1913.
However, the fact that relative prices fell substantially during the period 1927-51, indicates that shifts in the demand curve for agricultural produce were more important than eventual shifts in the supply curve.
The understanding of productivity increases in Portugal's agricultural sector can only be tentative in the absence of estimates for a supply function. Such an estimate is not feasible at this stage for lack of yearly series, for most of the period, on the use of land, on capital and other inputs. However, we have established here that agricultural output expanded more rapidly in the two periods of higher demand growth and that it did so with declining relative prices of foodstuffs. This indicates agricultural supply to be elastic in relation to the increase in demand. It is a fact that the growth of demand for foodstuffs also depends on the growth of the agricultural sector, but the potential of that effect had declined substantially during the early decades of the twentieth century, due to the decline of the share of agricultural output in Portugal's national output (to 31 per cent during the 1930s and 1940s).
Conclusions
In this paper we have shown that Portugal's agricultural sector output and productivity The fact that agricultural output and productivity growth in Portugal gained momentum in periods of expanding domestic demand, with stable or falling agricultural prices, led to the further conclusion that agricultural supply was elastic. The sector responded to market stimuli, which were felt in a stronger way in the years after 1930, due to the fact that the Portuguese economy entered a period of overall higher growth. The increase in the rate of growth of the agricultural and industrial sectors are intimately related, but the fact that agricultural prices did not increase in periods of agricultural expansion led to the conclusion that the limits of output expansion were linked to the slack growth of domestic demand for agricultural output. The role of external demand remained relatively unimportant throughout the century here analysed due to the fact that Portugal was not overall a competitive agricultural exporter, with few exceptions, until 1913 and to the fact that foreign markets were shut in the following decades. The fact that the growth of agricultural output was high,
by European standards, implies that the achievements of the sector were probably close to its growth potential. Gomes et al. (1944, p. 73) . 1900 , 1930 and 1950 from Silva (1970 , and males in the 20-59 years bracket from Silva (1970, p. 115 ) (see also text). Data for Spain and France are from Simpson (1995, pp. 26 and 29) and Toutain (1992, pp. 14, 19 and 51) . For France the area is area under crop (territoire cultivé). See also Ruttan (1978, p. 723) and Andermann et al. (1998, p. 249 ). ,159; 1906 =1,452; 1925 = 1,708; 1955 =1,845. Data from Justino (1988 and Mitchell (1992, p. 355) . The growth of livestock after 1927 falls below estimates for growth of meat output from Batista et al. (1997) (see Appendix table) , which is due to the increasing share in the meat production stock. Capital stock growth for 1927-51 is based on a weighted average of the annual growth of cereal output threshed mechanically (6.39%) and growth of livestock (0.26%), using shares in total output for 1954-58 for cereals (0.192) and all other products (0.808). Data from Estatística Agrícola (1945, p. 105; 1951, p. 170; and 1953, p. 198) and from table 8 for the shares. Factor shares are from van Zanden (1991, p. 219n), except for 1927-51, row II, which are based on data for 1958 from Neves (1994, p. 72 ) (assuming that the land share is also 35%). See also Crafts (1985, pp. 78-84) and Lains (1990) . Pereira (1915, pp. 123, 231 and 334) . Lains (1995, table A.13) , Gomes et al. (1944, pp. 129-31) and Presidência do Conselho (1969, p. 540) . (van Zanden 1991, pp. 231-2) . According to Sanz (1994, p. 250 ), Spain's agriculture used 18 kg/ha of fertilizers, in 1930 -1935 (see also Gallego 1986 . Gomes (1920, pp. 55-6) puts the average use of chemical fertilizers in 1903-14 at 100,000 t or 20 kg/ha. The sharp decline thereafter was due to effects of World War I, as fertilizers were imported and domestic production started in 1917. There was an important change in the type of fertilizers used in Portuguese agriculture, though, as before World War I they were mainly phosphates, overwhelmingly used in the wheat growing Alentejo district, whereas in the 1950s, half of the fertilizers were nitrogen and potassium. See also Pintado (1964, p. 76) , Baptista (1993, p. 408) and Reis (1993, p. 76) . 24 Yields for most crops, with the exception of rice, remained relatively stagnant in the following period from 1950-74. Contrarily, animal output productivity increased slightly. See Girão (1980, pp. 29-69) . 25 Changes in product mix towards more labour intensive sectors would lead to an increase in female agricultural labour force, and that is what the Census data show. In fact, female labour force expanded at 1.9% per year (although from a low point in 1930). Yet, the fact that we use male labour only, does not affect the results, however, because the share of female labour force registered in the Census in 1930 was extremely low (13% of total labour force) and thus the growth rate of male labour force is only slightly inferior to the growth rate of total labour force, according to the Census (namely, 0.9% per year versus 1.0%). See Nunes (1991) . 26 See also van Zanden (1991, pp. 221-3) .
27 Van Zanden (1991, p. 223) concludes that productivity differences among his sample of 15 countries, in 1870, did not depend of differences of the product mix, but he only considers differences in the proportion of vegetable/animal output. Hunt and Pam (2001) argue that the shift from vegetable to animal output is not necessarily the most important source of total
